An examination of sera from a range of animals refractory to Trypanosoma lewisi showed that some contain trypanolytic activity and agglutinins for this trypanosome. Trypanolytic activity was demonstrated in bovine, sheep, and rabbit serim. These sera were shown to also contain agglutinins. The trypanolytic activity in all three sera was abolished by beat inactivation at 56°C for 30 min. Studies with bovine serum showed that the lytic activity was totally inhibited by the addition of EDTA but was only partially inhibited by ethylene glycol-bis(O-aminoethyl ether)-N,N-tetraacetic acid-Mg2', suggesting the involvement of both classical and alternate pathways of complement activation. Serum from the natural host, the rat but not mouse serum, was capable of inhibiting the trypanolytic activity of bovine serum. The agglutinins in bovine serum were specific, since they could be adsorbed out with T. kewisi but not T. musculi. They fractionated on gel filtration in the position expected for 19S antibodies. By using opsonization measuring techniques, it was found that mouse serum lacked opsonins to T. kwisi, although opsonic activity was detectable in human serum. The absence of agglutinins, trypanolysins, and opsonins in mouse serum suggests that other factors prevent the infection of mice by T. kwisi. From these findings, it would appear that the inability of T. kewisi to infect a range of mammals, with the exception of mice, could be due to the presence of antibodies, the ability to activate complement through the alternative pathway, or both. The absence of these recognition factors and the ability to evade the effects of alternative pathway activation may be important factors in the ability of this parasite to establish infections in rats.
Trypanosoma lewisi displays strict host specificity (4) in infectihg rats. The nature of mechanisms by which other mammals resist infection by this trypanosome is unknown (23) . Although the absence of an adequate nutritional environment in hosts has been considered to contribute to resistance, experience in this laboratory has shown that serum from a range of refractory animals at a low concentration of 0.1 to 1.0% supported the growth of T. lewisi in vitro (unpublished data). This would argue against this hypothesis. In this report, evidence is presented which suggests that host specificity of T. lewisi may be partly due to natural antibody, trypanolytic activity, or opsonins in sera from some of the refractory animals.
MATERIALS AND METHODS
Sera. Sera were obtained from specific-pathogen-free animals. Normal human serum was obtained from healthy volunteers. C6-deficient rabbit serum was prepared from rabbits genetically deficient in the sixth component of complement. All sera were stored in samples at -70°C.
Trypanosomes. A T. lewisi isolate used in previous studies (10) was maintained by fortnightly passage in Porton strain rats. Since 1980, a stabilate of the parasite was maintained in samples at -170°C. Infections were reinitiated in rats every 6 months from a frozen sample. The cloned T. musculi LUMP 1189 was kindly provided by G. A. T. Targett, London School of Hygiene and Tropical Medicine. This parasite was maintained by serial passage in C3H/He mice. A stock of T. lewisi was kept in samples at -170°C, and infections were reinitiated every 6 months with parasites from a frozen sample. Preparation of trypanosomes. Parasite-containing blood was diluted ca. 10-fold in medium 199 and centrifuged at 400 x g for 10 min. The supernatant containing trypanosomes was collected and layered on Hypaque-Ficoll solution with a density of 1.077 g/ml and centrifuged at 400 x g for 20 min to remove contaminating erythrocytes. The trypanosomes were recovered from the interface. The parasites were washed three times and suspended in medium 199.
Trypanolytic assay. The trypanolytic reaction was carried out in flat-bottomed wells of microtiter plates (Linbro, Flow Laboratories, Inc., McLean, Va.) essentially as described previously (9) . Unless stated otherwise, twofold dilutions (0.1 ml) of serum were made in medium 199. Each serum dilution received 0.1 ml of parasite suspension (2.5 x 106/ml). The plates were incubated at 37°C for 60 min in an atmosphere of 5% C02-air and high humidity. The wells were examined for the presence of lysed trypanosomes with an inverted phase-contrast microscope (x 200 magnification). The lytic titer was arbitrarily chosen as the reciprocal of the highest serum dilution causing >90% lysis of the trypanosome population.
Measurement of agglutinins. The sera were heated at 56°C for 30 min to inactivate the complement activity. Twofold dilutions (0.1 ml) of the sera were made in plates as described above, and to each well was added 0.1 ml of trypanosomes (2.5 x 106/ml). The plates were incubated at 37°C for 1 h. After incubation they were examined as described above, and the agglutination titer was recorded. The agglutination titer was arbitrarily chosen as the reciprocal of the highest dilution in which agglutination was still visible, showing at least five agglutinated masses (each of at least five trypanosomes) in 20 fields (x200 magnification). Chromatography of bovine serum on Sephacryl S-300. Ten milliliters of bovine serum was chromatographed on a 90-by 5-cm Sephacryl S-300 column (Pharmacia, Uppsala, Sweden) equilibrated with 0.1 M Tris buffer (pH 8.0). The elution rate was 20 ml/h. Fractions of a 5-ml volume were collected and tested for agglutination activity.
Preparation of neutrophils. Human neutrophils were prepared from blood of healthy volunteers by the rapid singlestep method involving centrifugation on Hypaque-Ficoll medium with a density of 1.114 g/ml (12, 13) . Guinea pig neutrophils were prepared from whole blood by dextran sedimentation.
Preparation of macrophages. A suspension of mouse (LACA mice from an outbred closed specific-pathogen-free colony) peritoneal exudate cells containing ca. 90% macrophages was obtained by intraperitoneal stimulation with 0.5 ml of thioglycolate broth and harvesting of the peritoneal exudate cells 3 to 4 days later.
Chemiluminescence response. Neutrophils were suspended in Hanks balanced salt solution containing no phenol red.
The leukocyte concentration was adjusted to 5 x 106/ml. T. lewisi was also suspended in Hanks balanced salt solution to a concentration of 2 x 107 parasites/ml. Trypanosomes (2.5 x 106) were mixed with 5 x 105 neutrophils in the presence or absence of 10% serum; the total volume was 200 ,ll. Other controls included neutrophils incubated with serum but no trypanosomes and neutrophils incubated with trypanosomes but no serum. These were incubated at 37°C for 15 min, after which was added 0.9 ml of 10-6 M luminol. The tubes were placed in the light-proof chamber of a luminometer (model 1250; LKB Wallac, Turku, Finland), and the resulting light (Fig.  1) .
Inhibition of bovine serum trypanolytic activity by rat serum. In these experiments, bovine serum with a lytic titer of 4 was used at a dilution of 1/2. Mouse or rat serum was added to a final concentration of 25%. Trypanosome lysis by bovine serum could be prevented by the addition of rat serum but not mouse serum. The results were the same irrespective of whether or not the rat and mouse sera were heated at 560C for 30 min. DISCUSSION Trypanolytic activity and agglutinins or opsonins to T. lewisi were found in sera from somte hosts refractory to this trypanosome. Neither of these activities was observed in the host (the rat) serum. It has been previously demonstrated by Ferrante (6a) that trypanolytic activity and agglutinins to a related trypanosome T. musculi with strict specificity for infecting mice were present ih serum from animals not capable of supporting infections with this trypanosome. Furthermore, the inability of T. vivax to infect the cotton rat was suggested to be a result of the presence of specific agglutinins and trypanolytic activity in normal cotton rat serum (23) . Thus, host specificity of trypanosomes may be explained wholly, or in part, as being due to the presence of natural immune defenses in heterologous host. Other trypanosome species, such as the African trypanosomes, are able to successfully infect a range of animals. This is probably related to the fact that neither agglutinins nor trypanolytic activity against these trypanosomes has been found in a wide range of hosts. An exception to this is the presence in human serum of a lytic factor (a high-density lipoprotein) for T. brucei brucei (21) . African trypanosomes, when lacking a glycoprotein surface coat, fail to infect vertebrate hosts, probably because of their ability to activate the alternative complement pathway (7) and the presence of antibodies against these trypanosomes in nonimmune sera (8) .
The trypanolytic activity in bovirle serum against T. lewisi was inactivated by heating at 56°C for 30 min and was partly inhibited by ethylene glycol-bis(P-aminoethyl ether)-N,Ntetraacetic acid, suggesting the requirement of both classical and alternative pathways of complement activation for expression of maximal trypanolytic activity (14) . The trypanolytic activity appeared to be a function of activation of the late complement components, since rabbit serum deficient in the sixth component of complement, in contrast to normal rabbit serum, lacked trypanolytic activity.
Complement activation by T. lewisi cellular fractions has been reported by Nielsen et al. (19) . Their studies demonstrated that components of this organism activate bovine complement by the classical pathway (20) . The results from the present study support and extend these findings. These suggest that complement activation occurs at the surface membrane, since lysis of the parasite results and in addition that both classical and alternative pathways may be operative.
Besides the trypanolytic activity in bovine, sheep, and rabbit serum, agglutinins to T. lewisi were observed. Those in bovine serum were shown to be specific, since adsorption of serum with T. lewisi but not T. musculi removed the agglutinins. They were characterized into 19S antibody type by gel filtration chromatography. Previously, in the same serum, specific agglutinins to T. musculi were found in 19S and 7S fractions (6a). Those against T. vivax in cotton rat serum were also specific (23) .
Trypomastigote bloodstream forms of T. cruzi compared with the epimastigote stage are resistant to lysis by normal serum. Trypsin treatment of the former renders them susceptible to lysis (16) . This change in susceptibility to lysis is due to a modification of the parasite surface which enables it to activate complement via the alternative pathway (16) . Thus, the infective trypomastigote stage unlike the noninfective epimastigote stage has developed membrane components which prevent alternative pathway activation. Antibody-dependent lysis of T. cruzi trypomastigotes requires the alternative complement pathway (2, 17) , and it has been argued that the antibody in the antiserum, like the trypsin treatment, acts to modify the membrane components that are responsible for preventing activation of the alternative complement pathway (16) . Similarly, it is conceivable that the antibodies against T. lewisi in normal sera (such as bovine serum) may modify components on the surface of this parasite which prevent the activation of the alternative complement pathway. Like the trypomastigotes of T. cruzi, T. lewisi bloodstream forms contain a surface which does not appear to activate the alternative complement pathway but may be rendered with such a capacity by modification of the surface, e.g., by treatment with trypsin (22) .
Although neither agglutination nor trypanolytic activity was found in human serum, opsonins to T. lewisi were detectable by using human neutrophils and measuring the chemiluminescence response. Neither agglutinins, trypanolytic activity, nor opsonins against T. lewisi were detected in normal guinea pig serum. This finding may explain why limited infections can be established in guinea pigs (3) . T. lewisi fails to infect the mouse. The reasons for this are not clearly understood. Attempts in the present study to identify antitrypanosome factors in mouse serum showed that this serum lacked agglutinins, trypanolytic activity, and opsonins. Two main mechanisms have been proposed for the inability of T. lewisi to infect mice. One has an immunological basis, whereas the other has a nutritional basis (23) . The main supportive evidence for the latter is that T. lewisi can establish infection in mice supplemented with rat serum. However, a hypothesis based on an inadequate nutritional environment must be considered unlikely. First, T. lewisi placed in Millipore chambers to exclude host cellular contact and then placed in the peritoneal cavity of mice survived and multiplied (15) . Second, mouse serum can support the growth of T. lewisi in vitro (unpublished data). Third, the starvation of mice in addition to rat serum supplement rendered mice more susceptible to T. lewisi than did rat serum alone (18) . Resistance to infection may be related to innate resistance. Although the present investigation failed to identify a natural immune factor(s) in mouse serum, it does not exclude the possibility that, in mice, the surface of the parasite may be modified and that this modification activates the alternative complement pathway (16, 22) . It is possible that a rapid acquired immune response in mice against T. lewisi may be a contributing factor in the inability of T. lewisi to infect the mouse, although the findings of Albright and Albright (1) would be against this view. Although granulocytes and naturally occurring antibodies have been implicated in the resistance of mice to T. lewisi, evidence in support of this remains to be produced (1).
Normal rat serum was shown to lack trypanocidal activity and agglutinins. In addition, normal rat serum lacks opsonic activity (11) . Studies with bovine serum suggested that T. lewisi may be able to activate complement via the alternative pathway. This raises the possibility that, for T. lewisi to infect the rat, complement activation must be evaded. Previously it was demonstrated that the lysis of T. musculi as a result of alternative complement pathway activation could be inhibited by the addition of serum from the natural host, mice (Ferrante, Parasite Immunol., in press). Normal rat serum was similarly capable of preventing lysis of T. lewisi by bovine serum. This may play a role in the ability of this species to infect rats. This finding could explain (i) why T. lewisi placed in Millipore chambers and inserted in peritoneal cavities of rats are agglutinated but not lysed (11) and (ii) why serum from rats either recovered from, or undergoing, a T. lewisi infection agglutinated but failed to lyse trypanosomes in vitro (Ferrante, unpublished data) . T. lewisi has been shown to avidly bind rat serum proteins, such as albumin, a2-macroglobulin, and immunoglobulin G, to its plasma membrane (5). These could be responsible for preventing complement deposition on the trypanosome plasma membrane or could stabilize the surface coat of the parasite to prevent exposure of sites which are likely to activate the alternative complement pathway (22) .
